Background. Posterior urethral valves (PUV) are a common cause of congenital obstructive nephropathy. The outcome of patients with PUV at Chris Hani Baragwanath Academic Hospital in Johannesburg, South Africa, has not been documented previously. Objectives. To describe the outcome of patients diagnosed with PUV over a 29-year period from January 1985 to December 2013, and to analyse risk factors for chronic kidney disease. Methods. This was a retrospective record review of boys aged <14 years diagnosed with PUV at Chris Hani Baragwanath Academic Hospital. PUV was diagnosed by a voiding cystourethrogram (VCUG) and/or at cystoscopy. Valves were resected primarily or after vesicostomy. The glomerular filtration rate was calculated using the Schwartz formula, and stratified as normal or decreased for age at presentation and at the final visit. Results. Records of 181 patients were analysed. The diagnosis was made during the first year of life in 139 patients (76.8%). Clinical presentation included urinary tract infection (UTI) in 109 patients (60.2%), palpable bladder in 98 (54.1%), palpable kidney in 85 (46.9%), and poor urinary stream in 78 (43.1%). An ultrasound scan was reported normal in 10.9%. Vesicostomy was performed in 80 patients (44.2%) and primary valve ablation in 101 (55.8%), with vesicostomy being more prevalent in the pre-2000 era. The median duration of follow-up was 21 months (interquartile range 5 -79) and renal outcome at last visit was normal in 117 patients (64.6%). The presence of bladder diverticula was associated with a favourable renal outcome. Thirteen patients (7.2%) died, and 102 (56.3%) defaulted from follow-up. Conclusions. PUV frequently presents with UTI and palpable bladder and/or kidneys. Findings on ultrasound were normal in 10.9% of our patients with PUV. A VCUG is indicated in the presence of palpable kidneys or bladder even if the ultrasound scan is normal. Bladder diverticula as a pressure-release mechanism are renoprotective. Vesicostomy or primary valve ablation did not affect final renal outcome. Chronic kidney disease occurred in 34.8% of patients after surgical correction. Adherence to scheduled appointments is problematic in this population. Long-term follow-up is mandatory.
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Posterior urethral valves (PUV) occur in 1:5 000 -1:8 000 boys. [1] This congenital abnormality of the membranous urethra results in bladder outlet obstruction that may range from mild to severe. [2] Early diagnosis and management are essential to prevent progressive renal disease. [3] Antenatal diagnosis of PUV may be suspected if the ultrasound scan shows hydronephrosis, a distended bladder and a dilated posterior urethra, often associated with oligohydramnios. [1, 4] Postnatal diagnosis is confirmed by a voiding cystourethrogram (VCUG) in the presence of a dilated posterior urethra, often with bladder trabeculation and diverticula. [5] Secondary vesicoureteric reflux (VUR) may be present. [6] The diagnosis of PUV may be difficult for many reasons. Firstly, the symptom of dribbling urine may not be observed in partial obstruction, [7] and specific enquiry about the urinary stream is often omitted. Secondly, it is possible to miss the diagnosis on ultrasound. The ultrasound finding of hydronephrosis is not universal, [8] may be less obvious if performed after prolonged catheterisation, and is operator dependent. Bladder wall thickness is not routinely reported. Thirdly, the VCUG is technically difficult in paediatric patients, with voiding films not easily obtained and often performed with the urinary catheter in situ. The VCUG is also limited by interobserver variability. [9] Other factors limiting the diagnosis include technical aspects of cystoscopy. Visualisation of the valves or valve remnants requires an experienced endoscopist. [10] Renal protective factors have been described that allow pressure popoff mechanisms in the presence of PUV. These include unilateral VUR with renal dysplasia, and the presence of urachus, ascites, urinoma and bladder diverticula. [11] The surgical management of PUV has evolved with advances in equipment. [12] Primary endoscopic valve resection is preferred over vesicostomy to avoid bladder scarring and allow normal bladder cycling, [13] but in the absence of small resectoscopes, a temporary vesicostomy could be performed to relieve pressure on the kidneys. [14, 15] Renal outcome is favourable for mild cases with normal serum creatinine at presentation, [16] but for patients with severe obstruction and possible renal dysplasia the prognosis is guarded. [17, 18] Initial surgical choice of vesicostomy or valve resection does not appear to affect renal outcome. [19, 20] The valve bladder is diagnosed when there is persistent hydroureteronephrosis after valve ablation. [21] 
Methods
This was a retrospective descriptive and analytical study spanning 29 years, from January 1985 to December 2013. Records for all boys aged <14 years diagnosed with PUV in the Department of Paediatrics at Chris Hani Baragwanath Academic Hospital, a large tertiary academic hospital in Johannesburg, South Africa (SA), were reviewed. PUV was diagnosed if the posterior urethra showed typical dilatation on VCUG, and/or if valves were visualised at cystoscopy. Serum creatinine was measured by the National Health Laboratory Service RESEARCH using the Jaffe reaction on a Hitachi cobus c701/702 analyser (Roche, Germany). The glomerular filtration rate (GFR) was calculated (cGFR) using the Schwartz formula [22] and classified as normal or decreased for age. [23] Demographic data, clinical findings, and radiological and surgical reports were retrieved from the archived clinical files and analysed using R version 3.2.3 statistical software. [24] Continuous variables were expressed as percentages, medians and interquartile ranges (IQRs), where appropriate. Categorical data were analysed using the χ 2 
Results
A total of 192 boys with PUV were identified during the study period. Eleven were excluded from analysis owing to insufficient records (n=2), refusal of surgery (n=5) and high diversion procedures (n=4). The median age at diagnosis for the 181 remaining children was 2 months (range 0 -143 months, IQR 0 -11 months). The diagnosis was suspected on an antenatal ultrasound scan in 8 patients (4.4%). One hundred and thirty-nine patients (76.8%) presented in the first year of life (Table 1) .
Clinical presentation
The commonest findings at presentation were urinary tract infection (UTI) in 109 patients (60.2%), palpable bladder in 98 (54.1%) and palpable kidney in 85 (46.9%); 30.3% of the patients (55 of 181) were underweight for age. Children aged <1 year were significantly more likely than older children to present with palpable kidneys (odds ratio (OR) 2.77, 95% confidence interval (CI) 1.31 -5.84; p=0.007) and a distended abdomen (OR 3.69, 95% CI 1.53 -8.88; p=0.002), whereas older children more often presented with UTI (OR 6.89, 95% CI 2.56 -18.56; p<0.001) ( Table 2 ).
Radiography
Ultrasound reports were available for 173 patients (95.6%) and were reported to be normal in 19 (10.9%). Unilateral or bilateral hydronephrosis was reported in 154 patients (89.0%). Ultrasound of the bladder supported the diagnosis of PUV (thick walled, distended, trabeculation) in 57 reports (32.9%).
VCUG reports were available for 161 patients (88.9%). The bladder was reported normal in 31 (19.2%), while bladder trabeculation was reported in 104 (64.6%) and bladder diverticula in 61 (37.8%). VUR was present in 65 patients (40.3%), bilateral in 24 (14.9%) and unilateral in 41 (25.4%).
Interestingly, of 139 patients in whom an ultrasound scan showed hydronephrosis and who had VCUG reports available, only 62 (44.6%) demonstrated VUR on VCUG. The urethra was reported normal in 3 patients who had valves diagnosed at cystoscopy. The VCUG voiding films for these 3 patients were obtained with the urinary catheter in situ.
Surgical intervention
Surgical intervention and outcome are shown in Table 3 . Primary valve resection was performed in 101 patients (55.8%) and vesicostomy in 80 (44.2%). During the study period, the median age of primary valve resection was 7.8 months (IQR 2.4 -28.9) and that for vesicostomy 
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Renal outcome
The cGFR at the last visit was normal in 117 patients (64.6%), abnormal in 63 (34.8%) and unknown in 1. In 70 patients (53.4%) who started off with a decreased cGFR (n=131), the final cGFR improved to normal for the duration of the study period. In univariate and multivariate analyses, the presence of bladder diverticula at baseline was the only factor associated with a favourable renal outcome ( Table 4) . The median duration of follow-up was 21 months (range 0 -245, IQR 5 -79). Thirteen patients (7.2%) died during the study period, 10 with renal failure and 3 with normal renal function. Sixteen patients (8.8%) were transferred out, to the adult renal service (n=4), to a transplant clinic (n=6), and to other provinces (n=6). Of 102 patients who did not return for scheduled appointments, 80 (78.4%) had a normal cGFR at the last visit.
Discussion
This study documents the presentation and outcome of PUV in SA boys attending Chris Hani Baragwanath Academic Hospital over a 29-year period.
The low antenatal detection rate in this population reflects limited ultrasound screening and/or unbooked pregnancies. Seventy-seven per cent of patients were diagnosed in the first year of life. This contrasts with developed countries, where the diagnosis is made in utero in most cases.
The commonest presenting features in this population were UTI, palpable bladder, palpable kidney and poor urinary stream. These clinical findings should prompt investigation to exclude urinary obstruction in any patient. Ultrasound evaluation of the kidneys and bladder in patients with UTI should be mandatory in this population, where antenatal ultrasound for detection of congenital abnormalities is not done routinely. [25] Guidelines from developed countries cannot routinely be applied to this population.
Unilateral or bilateral hydronephrosis on ultrasound was reported in 89.0% of patients, and only 44.6% of patients with hydronephrosis on ultrasound had associated VUR. Hydronephrosis not associated with VUR may be due to a thickened bladder wall limiting ureteric drainage into the bladder. [2] Importantly, the kidney ultrasound findings were normal in 19 patients (10.9%). This could be due to mild obstruction, or to delay in imaging after prolonged bladder catheterisation. PUV would potentially remain undiagnosed in these patients unless a VCUG is performed when clinically indicated, such as in the presence of palpable kidneys or bladder.
In three patients the urethra was reported normal, with valves visualised and ablated at cystoscopy. Voiding films may be technically difficult in children who have no bladder control. Voiding films with a urethral catheter in situ may limit filling of the dilated posterior urethra with contrast, thus obscuring the presence of PUV. We recommend that the urethral catheter be removed when voiding films are obtained.
The patients in the vesicostomy group were younger than those in the primary valve resection group. This finding reflects the era before small resectoscopes in this historic group, which is borne out by the observation that infants treated in the pre-2000 era had 2.7-fold greater odds of undergoing vesicostomy than infants treated from 2000 onwards. In the past decade, primary valve ablation has almost exclusively been performed, and low-birth-weight neonates are catheterised until they weigh at least 3 kg to allow resection of the valves at cystoscopy. The choice of initial surgery did not affect the final renal outcome. Vesicostomy should be considered a viable treatment option in developing countries where small resectoscopes or surgical skill are not available.
In 53.4% of patients who started off with a low cGFR, there was improvement to normal renal function after surgical intervention for the duration of follow-up. This study supports previous observations that the initial serum creatinine level cannot be used to predict final renal function in boys with PUV. [26] The presence of bladder diverticula on VCUG at baseline was associated with 51.0% lower adjusted odds of poor renal outcome in this cohort, supporting the presence of bladder diverticula acting as a pressure-release mechanism preventing damage to the kidneys. The final visit cGFR was abnormal in 34.8% of patients at a median duration of follow-up of 21 months.
The low rate of adherence to scheduled hospital visits is not unusual in a developing country. [27, 28] Most of the patients who did not return to the clinic were from other provinces and neighbouring countries, and most of them had normal renal function at the last clinical evaluation.
Study limitations
This study is limited by its retrospective nature. In addition, patients at extreme ends of disease severity may not have been referred, resulting in referral bias. This includes patients with severe obstruction resulting in fatal pulmonary hypoplasia related to oligohydramnios, and those with mild obstruction. The poor adherence to scheduled appointments limits analysis of long-term outcomes. Nonetheless, the The multivariate model adjusted for age at presentation, presence of ascites and presence of bladder diverticula. Age at surgery was not included in the multivariate model owing to confounding with age at presentation.
RESEARCH
study highlights important aspects of this condition specific to this population, including the difficulties in diagnosis. We recommend a screening ultrasound scan of the kidneys and bladder in children with documented UTI, since antenatal ultrasound for fetal abnormalities is not performed routinely in our population. Clinical signs of a palpable bladder and/or kidney warrant further investigation, since ultrasound findings may be normal in up to 11% of patients with PUV. We therefore also recommend that a VCUG should be performed if the ultrasound scan reveals hydronephrosis or a thickened bladder wall, or if the bladder and/or kidneys are palpable. Urodynamic studies, bladder diaries and serial ultrasound scans reporting bladder volumes are recommended to diagnose and manage the valve bladder.
Conclusions
The diagnosis of PUV may pose a challenge for various reasons. Patients with PUV frequently present with UTI and a palpable bladder and/or kidneys, and an ultrasound scan of the renal tract may be normal in a considerable proportion of patients. The clinical findings should determine the extent of radiological investigations in a boy with UTI. Chronic kidney disease is present in about one-third of patients after a median follow-up of 21 months following surgical correction. Long-term follow-up is therefore mandatory, but is not always adhered to in this population. Funding. None.
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